INTRODUCTION
============

Persistent left superior vena cava (PLSVC) is a cardiac anomaly which is present in 0.1--0.5% of the general population^\[[@b1-1484-1-12380-1-10-20200320]\]^, and the most common variation of anomalous venous return to the heart^\[[@b2-1484-1-12380-1-10-20200320]\]^. Left anterior cardinal veins typically obliterate during early cardiac development but failure of involution results in PLSVC^\[[@b1-1484-1-12380-1-10-20200320]\]^. Being an asymptomatic disorder, PLSVC is usually discovered while performing interventions through the left subclavian vein or during cardiovascular imaging. PLSVC can also be associated with cardiac arrhythmias such as atrial fibrillation and congenital heart disease (e.g. atrial septal defect, ventricle septal defect, coarctation of aorta, coronary sinus ostial atresia, cor triatriatum, etc.)^\[[@b3-1484-1-12380-1-10-20200320],[@b4-1484-1-12380-1-10-20200320]\]^.

CASE DESCRIPTION
================

Case 1
------

A 68-year-old male presented to the emergency department with a 3 hour history of dizziness, vertigo and two episodes of syncope. The patient had a history of hypertension and diabetes, for which he was taking enalapril 10 mg daily and metformin 500 mg twice daily. Electrocardiogram (ECG) on arrival showed sinus rhythm with a ventricular rate of 36 beats/minute and clear atrioventricular dissociation. A diagnosis of complete heart block was made following ECG. Informed consent was obtained and a temporary pacemaker inserted utilizing a right subclavian vein approach without complication. During his 3 day hospital stay, reversible causes of complete heart block were ruled out. His echocardiogram revealed normal cardiac chamber dimensions and function without valvular abnormalities. His left ventricular ejection fraction was 55%.

As the patient was still pacemaker-dependent, a permanent pacemaker (PPM) implantation was undertaken. For placement of the PPM ([Fig. 1](#f1-1484-1-12380-1-10-20200320){ref-type="fig"}), venous access was achieved through the left subclavian vein and a 7 French sheath passed. While introducing the guidewire it was noticed on cineflouroscopy that instead of crossing the spine toward the right side, the guidewire bent smoothly toward the left side of the mediastinum, raising the suspicion of a PLSVC. To confirm this, the guidewire was pulled back and contrast injected, which showed a PLSVC opening into the coronary sinus. The guidewire was reintroduced gently and the sheath passed through the PLSVC. The lead was passed through the PLSVC and a loop formed in the right atrium to cross the tricuspid valve. The lead was affixed in the right ventricle and the pacemaker started pacing when attached to the pulse generator. On the first day after implantation, the pacemaker showed appropriate sensing and pacing.

Case 2
------

A 53-year-old female patient presented to the emergency department with sudden onset of severe palpitations, profuse sweating, dizziness and lightheadedness. While checking her vital signs, the patient collapsed suddenly with a non-palpable carotid pulse. Cardiopulmonary resuscitation was started immediately and cardiac rhythm checked on the defibrillator monitor after the first cycle, which showed a wide complex tachycardia with clear atrioventricular dissociation suggestive of monomorphic ventricular tachycardia. Immediate electrical cardioversion was carried out successfully and the patient reverted to sinus rhythm.

The patient had a history of hypertension, ischemic heart disease and ischemic cardiomyopathy with a left ventricular ejection fraction of 25%, for which she was taking daily aspirin 75 mg, rosuvastatin 20 mg, bisoprolol 5 mg, enalapril 10 mg and spironolactone 25 mg. As the patient survived the cardiac arrest, it was decided to insert a dual-chamber implantable cardioverter-defibrillator (ICD) as a secondary prophylaxis of sudden cardiac death. Venous access was achieved and 7 French sheath passed into the left subclavian vein. While passing the guidewire, it was observed that it was bending in the left mediastinum without resistance instead of going toward the right side and then bending in the superior vena cava. To visualize the abnormal guidewire pathway, contrast was injected that showed the PLSVC opening in the coronary sinus. The sheath was therefore passed through the PLSVC, first the right atrial lead was affixed and then the right ventricular lead was passed through the tricuspid valve after making a loop in the right atrium and affixed in the right ventricle ([Fig. 2](#f2-1484-1-12380-1-10-20200320){ref-type="fig"}).

DISCUSSION
==========

At the eighth week of gestation, the embryonic venous system undergoes various developments. The cephalic portion of both superior cardinal veins form internal jugular veins of each side and are anastomosed to form the brachiocephalic vein. While the caudal portion of both sides varies, the right-sided caudal portion of the cardinal vein forms the superior vena cava, while the left portion regresses to form the ligament of Marshall. If this left-sided caudal portion fails to obliterate, it can persist as a left superior vena cava.

PLSVC can be diagnosed by transthoracic and transesophageal echocardiogram with contrast venography, computed tomography venography or magnetic resonance venography, but most commonly by incidental finding during pacemaker or ICD implantation through the left subclavian vein^\[[@b5-1484-1-12380-1-10-20200320]\]^. When contrast is injected through the left subclavian vein, it appears in the right atrium first normally but in the case of a PLSVC it appears in the coronary sinus first. It should also be suspected when the coronary sinus appears dilated in any cardiac imaging modality.

It is important to note that it is technically difficult to cross the guidewire through the tricuspid valve when it comes from the PLSVC and coronary sinus without making a loop in the right atrium, which is known as a wide loop technique^\[[@b6-1484-1-12380-1-10-20200320],\ [@b7-1484-1-12380-1-10-20200320]\]^. It can cause perforation and dissection of the thin-walled coronary sinus. Other complications reported are coronary sinus thrombus, arrhythmias, cardiac tamponade and cardiogenic shock^\[[@b8-1484-1-12380-1-10-20200320]\]^.

Therefore, if lead placement through a PLSVC is unsuccessful or a specialist under-experienced, the right superior vena cava should be utilized for device implantation, as in 80--90% of cases both superior vena cava coexist^\[[@b9-1484-1-12380-1-10-20200320]\]^.

CONCLUSIONS
===========

Though PLSVC is an uncommon anomaly, this anatomical variant should be recognized appropriately, especially by specialists who frequently carry out procedures through the left subclavian vein such as implantation of PPM. It should also be recognized that loop formation of the lead in the right atrium is helpful to cross the tricuspid valve and to affix the lead in the right ventricle. The cardiac imaging specialist should also suspect and rule out PLSVC on encountering a dilated coronary sinus on any imaging modality.
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![Imaging of single chamber VVI PPM in the following views.\
A: Chest X-ray left lateral view showing the pacemaker's right ventricular lead placed in the right ventricle (yellow arrow) coming through the PLSVC (white arrows) and coronary sinus (pink arrows).\
B: anteroposterior cineflouroscopy view showing a single chamber permanent pacemaker device implanted on the left side of the upper chest (yellow arrow) and right ventricular lead passing through the PLSVC (white arrows).\
C: left anterior oblique cineflouroscopy view showing the lead tract -- PLSVC (white arrow), coronary sinus (green arrow), right atrium (brown arrow) and right ventricle (yellow arrow).\
D: right anterior oblique cineflouroscopy view showing the lead tract -- right ventricular lead affixed in the right ventricle after making a loop in the right atrium, PLSVC (white arrow), coronary sinus (green arrow), right atrium (brown arrow) and right ventricle (yellow arrow)](1484_Fig1){#f1-1484-1-12380-1-10-20200320}

![Case 2 Imaging of single chamber VVI PPM in the following views.\
Left: Chest X-ray PA view, both right atrial and right ventricular leads passing through PLSVC \[Dual chamber ICD generator: orange arrowhead; PLSVC: white arrows; Coronary sinus: pink arrows; Right atrium: green arrow; Right ventricular: yellow arrow\]\
Right: Chest X-ray lateral view, both right atrial and right ventricular leads passing through PLSVC \[Dual chamber ICD generator: orange arrowhead; PLSVC: white arrow; Right atrium: green arrows; Right ventricular: yellow arrow\]](1484_Fig2){#f2-1484-1-12380-1-10-20200320}
